Fecal Microbiota Transplantation for Clostridioides Difficile Infection in Patients with Chronic Liver Disease by Meighani, Alireza et al.
Henry Ford Health System 
Henry Ford Health System Scholarly Commons 
Gastroenterology Articles Gastroenterology 
2-1-2020 
Fecal Microbiota Transplantation for Clostridioides Difficile 
Infection in Patients with Chronic Liver Disease. 
Alireza Meighani 
Maryam Alimirah 
Mayur Ramesh 
Reena Salgia 
Follow this and additional works at: https://scholarlycommons.henryford.com/gastroenterology_articles 
Research Article
Fecal Microbiota Transplantation for Clostridioides Difficile
Infection in Patients with Chronic Liver Disease
Alireza Meighani ,1 Maryam Alimirah ,2 Mayur Ramesh,3 and Reena Salgia1
1Division of Gastroenterology and Hepatology, Henry Ford Hospital, 2799 W. Grand Blvd, Detroit, MI 48202, USA
2Department of Internal Medicine, Henry Ford Hospital, 2799 W. Grand Blvd, Detroit, MI 48202, USA
3Division of Infectious Diseases, Henry Ford Hospital, 2799 W. Grand Blvd, Detroit, MI 48202, USA
Correspondence should be addressed to Alireza Meighani; ameigha1@hfhs.org
Received 8 May 2019; Revised 22 December 2019; Accepted 17 January 2020; Published 28 January 2020
Academic Editor: Simon Bramhall
Copyright © 2020 Alireza Meighani et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.
Background. Fecal microbiota transplantation (FMT) is a well-established therapeutic option for patients with antibiotic resistant
Clostridioides difficile infection (CDI). However, the efficacy of FMT in patients with chronic liver disease remains elusive. Aims.
We studied the effect of FMT on chronic liver disease (CLD) patients with CDI at our tertiary medical center. Methods. A
cohort of all patients who received FMT from December 2012 to May 2014 for refractory or recurrent CDI was identified.
Patients were monitored for a year after FMT. Descriptive analysis was conducted to compare the effect of FMT in patients with
and without CLD. Results. A total of 201 patients with CDI received FMT, 14 of which had a history of CLD. Nine of these
patients exhibited cirrhosis of the liver with a mean Child-Turcotte-Pugh score of 8. CDI development in these patients was
associated with recent exposure to antibiotics and was observed to be significantly different between both groups (17% of CLD
patients vs. 58% in the general cohort, p = 0:01). Four patients with CLD received >1 FMT, of which 2 did not respond to
treatment. There was no significant difference between patients with liver disease and the rest of the cohort with regard to FMT
response (12/14 (87%) vs. 164/187 (88%), p = 0:68). Conclusion. FMT is a safe and effective therapy against CDI for patients
with CLD and cirrhosis.
1. Introduction
Antibiotic resistant Clostridioides difficile infection (CDI) is a
major public health concern with a high death rate [1–3].
Fecal microbiota transplantation (FMT) dates back to 4th
century China where human fecal suspension by mouth was
used to cure food poisoning and severe diarrhea [4]. FMT
has been employed in patients with severe and recurrent
CDI who have failed multiple attempts at conventional anti-
biotic therapy. Cumulative experience from case series and
controlled trials shows that FMT is effective when used to
treat relapsing CDI [5, 6]. The high therapeutic efficacy of
FMT for recurrent CDI is an important proof of concept that
substantial modification of the gut microbiota can be an effec-
tive modality for treatment of other diseases in humans such
as primary sclerosing cholangitis, inflammatory bowel dis-
ease, and serious antibiotic-associated diarrhea [7–10].
Liver disease rates are steadily increasing over the years.
According to the World Health Organization, about 46% of
global diseases and 59% of the mortality are because of
chronic diseases and almost 35 million people in the world
die of chronic diseases [11]. Patients with cirrhosis and liver
transplant recipients are at increased risk of developing CDI
due to their frequent and prolonged hospitalizations, antibi-
otic and proton pump inhibitor use, multiple comorbidities,
and immunosuppressant therapy [12–16]. Currently, studies
on the efficacy of FMT in chronic liver disease (CLD)
patients with CDI are limited. We therefore evaluated the
clinical outcomes of FMT in patients with CLD at our ter-
tiary medical center.
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2. Methods
2.1. Patient Selection. Patients with recurrent or refectory
CDI who received FMT from December 2012 to May 2014
were discerned and selected for analysis. The institutional
review board approved the research study. Patient confiden-
tiality was maintained prior to the analysis. Diagnosis of CLD
was conferred based on the following criteria: liver cirrhosis,
chronic hepatitis C infection, nonalcoholic steatohepatitis, or
metabolic liver disease including Wilson’s disease, alpha-1
antitrypsin deficiency, and hereditary hemochromatosis.
Furthermore, patient demographics, frequency of antibiotic
exposure, prevalence, and severity of CDI as well as comor-
bidities were incorporated during data collection. Disease
recurrence and donor history were acquired from the elec-
tronic medical record database. Patients were observed for a
year after FMT.
2.2. Patient Stratification. Diarrheal ailments are diagnosed
as CDI based on a positive stool test. In our facility, CDI is
determined by a two-step test. First, CDI is identified by
enzyme assays that detect Clostridioides difficile glutamate
dehydrogenase antigen as well as the Clostridioides difficile
toxins A and B. Thus, a positive enzyme assay for Clostri-
dioides difficile toxins A and B as well as the glutamate dehy-
drogenase antigen confers a diagnosis of CDI. Second, a
discrepancy in the immunoassay results is followed by a
polymerase chain reaction (PCR) to amplify the genes for
Clostridioides difficile toxins A and B, confirming the absence
or presence of CDI. Severe CDI was characterized as an ele-
vation in serum creatinine >1.5 times above the patient’s nor-
mal levels, white blood cell count ≥15,000 cells/μL, or serum
albumin <1.5 g/dL within 2 weeks of symptom onset [17].
CDI severity was assessed by clinical symptoms and lab-
oratory tests. Patients without laboratory results during FMT
were diagnosed with nonsevere CDI. Patients with a first epi-
sode of CDI that did not show symptomatic improvement
within 5 days were defined as primary refractory CDI. Those
with more than 1 episode of CDI in 1 year were considered to
have recurrent CDI [18].
Oral vancomycin was administered to all of our patients
before being referred for refractory or recurring CDI. Prior
antibiotic use was also included in the evaluation. FMT was
carried out through colonoscopy, nasogastric tube, or reten-
tion enema. FMT donors were primarily family members.
However, in the absence of family donors, our facility pro-
vides a cohort of FMT universal donors to patients. All of
our donors were screened for hepatitis A, B, and C; HIV
and syphilis serologies; stool for bacterial PCR; ova and par-
asites; and Clostridioides difficile toxins. All of our patients
received fresh FMT. Patients were considered responsive to
FMT therapy when the diarrhea ceased within 7 days of
treatment. Alternatively, FMT treatment was considered
unsuccessful if the diarrhea failed to resolve within 7 days
[19]. If the diarrhea recurred at a similar severity to the ini-
tial CDI, within 90 days of FMT, the disease was described as
a relapse. Furthermore, the CDI was characterized as a new
infection if the diarrhea returned 90 days after FMT treat-
ment. Diagnosis of cirrhosis was based on imaging such as
ultrasound or computed tomography of the abdomen exhi-
biting nodularity of the liver surface in association with an
etiology for liver disease and clinical characteristics of cir-
rhosis. Decompensation was characterized as the presence
of ascites, bleeding esophageal or gastric varices, or presence
of hepatic encephalopathy.
2.3. Statistical Analysis. Continuous variables were shown as
mean ± standard deviation while categorical variables were
reported in percentages. Comparison between both study
groups was conducted using two-sample t-tests for normally
distributed numeric data. For nonnormally distributed
numeric data, the Wilcoxon rank-sum tests were used. Chi-
square tests were used for nonsparse categorical data. Statis-
tical significance was denoted as p ≤ 0:05.
3. Results
Based on FMT procedure notes, 254 patients were initially
identified. Patients with incomplete medical records or
lack of follow-up were excluded leaving 201 patients who
underwent FMT, of which 14 patients had concurrent
CLD. Nine of these patients had cirrhosis with an average
Child-Turcotte-Pugh score of 8. At the time of FMT, one
subject had received a liver transplantation 5 months
earlier. Ten of the fourteen (71%) patients with liver
disease in our study were female with a mean age of 62
years. There was a significantly greater number of patients
with recent antibiotic exposure and who subsequently
developed CDI in the general cohort group [3/14 (21%)
of CLD patients vs. 109/187 (58%) in the general cohort,
p = 0:01] (Table 1). Response to FMT did not differ
between both groups based on immunosuppression, route
of FMT delivery, number of CDIs within the last 3
months, recent hospitalization, recent surgeries, or Charl-
son Comorbidity Index (Table 2). Severe CDI rates were
similar between patients with CLD and the general cohort
[5/14 (36%) vs. 45/187 (24%), p = 0:34]. Four patients with
CLD received more than 1 FMT, of which 2 patients did
not respond to treatment. Also, none of the patients with
liver cirrhosis had worsening of their Child-Turcotte-Pugh
score after FMT.
Finally, there was no significant difference between
patients with liver disease and the rest of the cohort with
regard to FMT response (12/14 (87%) vs. 164/187 (88%),
p = 0:68).
Both of the CLD patients who did not respond to FMT
had decompensated cirrhosis with a Child-Turcotte-Pugh
scores of 9 and 12, respectively.
4. Discussion
Our study clearly shows that in patients with CLD, FMT is an
effective treatment modality in treating patients with recur-
rent CDI. Despite the promise of FMT for treatment of recur-
rent CDI, current medical literature lacks robust data on the
use of FMT for recurrent CDI in patients who have concur-
rent CLD. A study done by Allegretti et al. looked at 10
patients with primary sclerosing cholangitis, who underwent
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FMT to evaluate safety, liver enzymes, and microbiome pro-
files of primary sclerosing cholangitis patients post-FMT.
The study demonstrated that FMT from a rationally selected
donor is safe, increases microbial diversity, and may improve
alkaline phosphatase among primary sclerosing cholangitis
patients [20].
One of the fears in using FMT in patients with cirrhosis is
the theoretical risk of worsening hepatic encephalopathy by
increasing patients’ fecal load. On the contrary, however,
there have been reports that FMT has been used as a treat-
ment option for hepatic encephalopathy. In a case reported
by Kao et al., 5 FMT sessions were used to treat refractory
mild hepatic encephalopathy in a patient. The theory behind
its mechanism of action is an increase in microbiota diver-
sity, specifically the beneficial taxa that are deficient in
patients with recurrent hepatic encephalopathy [21]. Also,
in a randomized clinical trial, FMT from a rationally selected
donor reduced hospitalizations, improved cognition, and
dysbiosis in cirrhotics with recurrent hepatic encephalopa-
thy. None of the patients, however, had CDI [22]. In our
cohort of patients with compensated cirrhosis, there was no
worsening of disease state including hepatic encephalopathy
after FMT.
Based on a multicenter retrospective study by Kelly et al.
of immunocompromised CDI patients who received FMT,
short-term safety data on FMT suggests that it is well toler-
ated among immunocompromised patients. Reasons for
immunosuppression varied but included patients with
inflammatory bowel disease on immunosuppressive therapy,
solid organ transplant recipients, and patients undergoing
chemotherapy. There were no infectious complications
related to FMT in these patients [23]. In our small study,
we only had 3 immunocompromised patients in the CLD
group, who tolerated FMT very well with no infectious com-
plications. Moss et al. studied long-term taxonomic and
functional divergence from donor bacterial strains following
FMT in immunocompromised patients. There were no com-
plications reported after 1 year of following these patients
[24]. In a study by Jalanka et al. on long-term safety of
FMT, patients were followed for 3.8 years after FMT. There
was no difference in the incidence of severe diseases (inflam-
matory bowel disease, cancer, autoimmune disease, allergy,
or neurological diseases) between the patient groups [25].
The theoretical possibility of transmission of unrecog-
nized infectious agents that cause illness years later, analo-
gous to prior experience with hepatitis C and human
immunodeficiency virus, has been raised. However, it would
be assumed that such agents would induce disease in donors
as well [26]. Our donors are routinely screened for a variety
of infectious pathogens including HIV and agents of viral
hepatitis. There is a recent case report of drug-resistant E. coli
transmission from the donor, when using FMT in a clinical
trial of patients with hepatic encephalopathy [27]. Therefore,
based on recent FDA guidance, we have included drug resis-
tant pathogens in our FMT donor screening. There is also
theoretical risk of transmission of obesity and metabolic syn-
drome as previous studies have shown that transplantation of
human fecal microbiota from obese subjects to rodents has
been shown to transmit an obesity phenotype [28]. Also,
FMT from lean subjects to obese subjects with metabolic syn-
drome showed an increase in insulin sensitivity [29]. Having
said that, in the study done by Jalanka et al., weight gain did
not differ between treatment groups [25]. We did not assess
for weight change in our cohort of patients post-FMT.
Table 1: Clinical characteristics of patients stratified by chronic liver disease status.
Liver disease (N = 14) No liver disease (N = 187) p value
Age 61.5 (51.0-67.0) 71.0 (54.0-82.0) 0.13
Sex
Male 4 (28.6) 72 (38.5)
0.57
Female 10 (71.4) 115 (61.5)
Immunosuppression
No 11/14 (78.6%) 160/187 (85.6%)
0.44
Yes 3/14 (21.4%) 27/187 (14.4%)
Inflammatory bowel disease
No 12/14 (85.7%) 169/187 (90.4%)
0.64
Yes 2/14 (14.3%) 18/187 (9.6%)
Recent antibiotic exposure
No 11/14 (78.6%) 78/187 (41.7%)
0.01
Yes 3/14 (21.4%) 109/187 (58.3)
Route of fecal microbiota transplantation delivery
Colonoscopy 5/14 (35.7%) 40/187 (21.4%)
0.76
Enema 2/14 (14.3%) 73/187 (39.0%)
Nasogastric tube 7/14 (50.0%) 69/187 (36.9%)
Percutaneous endoscopic gastrostomy 0/14 (0.0%) 5/187 (2.7%)
Recent hospitalization
No 9/14 (64.3%) 99/187 (52.9%) 0.58
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Our study shows that patients with CLD were less likely
to be recently exposed to antibiotics in comparison with the
general population. This could potentially mean that patients
with CLD are more immunosuppressed; hence, they are
more at risk of acquiring CDI without being exposed to anti-
microbials. Further prospective studies need to be done to
elucidate this.
Our study has several drawbacks. First, this is a retrospec-
tive study where several patients were eliminated from the
data analysis due to inadequate medical information. Second,
treatment outcomes may have been confounded by the
absence of a systematic FMT treatment regimen and through
the use of multiple diverse donors. As such, individual micro-
biomes are diverse, comprised of multiple different microbes
which are well established to vary depending on a donor’s
age. In our study, data on donor age was not available, thus
preventing us from evaluating the effect of FMT donor age
on the treatment outcome [30].
5. Conclusions
FMT is a safe and effective option with high rates of response
in patients with chronic liver disease or cirrhosis who have
CDI. This includes patients who may be organ transplant
recipients and subject to immunosuppression. Recent antibi-
otic exposure was not a prevalent determinant for CDI in
patients with liver disease. Prospective randomized con-
trolled trials should be done, studying long-term safety and
efficacy of FMT in patients with concurrent CLD and recur-
rent CDI.
Table 2: Response to FMT, stratified by liver disease status.
Liver disease (N = 12) No liver disease (N = 164) p value
Age 59.5 (47.5-73.0) 72.0 (54.0-83.0) 0.17
Sex
Male 4 (33.3) 68 (41.5)
0.76
Female 8 (66.7) 96 (58.5)
CDI severity
Severe 3 (25.0) 37 (22.6)
0.74
Nonsevere 9 (75.0) 127 (77.4)
Diabetes mellitus
No 9 (75.0) 132 (80.5)
0.71
Yes 3 (25.0) 32 (19.5)
Hypertension
No 8 (66.7) 87 (53.1)
0.55
Yes 4 (33.3) 77 (47.0)
Chronic kidney disease
No 10 (83.3) 143 (87.2)
0.66
Yes 2 (16.7) 21 (12.8)
Cancer
No 10 (83.3) 136 (82.9)
0.99
Yes 2 (16.7) 28 (17.1)
Immunosuppression
No 10 (83.3) 138 (84.2)
0.99
Yes 2 (16.7) 26 (15.9)
Recent hospitalization
No 9 (75.0) 92 (56.1)
0.24
Yes 3 (25.0) 72 (43.9)
Recent surgery
No 12 (100.0) 152 (92.7)
0.99
Yes 0 (0.0) 12 (7.3)
Route of FMT delivery
Colonoscopy 5 (41.7) 36 (22.0)
0.3
Enema 2 (16.7) 63 (38.4)
Nasogastric tube 5 (41.7) 62 (37.8)
PEG 0 (0.0) 3 (1.8)
FMT: fecal microbiota transplantation; PEG: percutaneous endoscopic gastrostomy.
4 International Journal of Hepatology
Data Availability
The patient data used to support the findings of this study are
restricted by the Henry Ford Hospital IRB in order to protect
patient privacy.
Ethical Approval
All procedures performed in studies involving human partic-
ipants were in accordance with the ethical standards of the
institutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. For this type of study, formal
consent is not required.
Disclosure
The abstract of this manuscript was presented at the 2016
AASLD meeting.
Conflicts of Interest
The authors declare that there is no conflict of interest
regarding the publication of this paper.
References
[1] T. J. Borody and J. Campbell, “Fecal microbiota transplanta-
tion: techniques, applications, and issues,” Gastroenterology
Clinics of North America, vol. 41, no. 4, pp. 781–803, 2012.
[2] A. M. Seekatz, J. Aas, C. E. Gessert et al., “Recovery of the gut
microbiome following fecal microbiota transplantation,”
MBio, vol. 5, no. 3, article e00893, 2014.
[3] J. A. Barkin, D. A. Sussman, N. Fifadara, and J. S. Barkin,
“Clostridium difficile infection and patient-specific antimicro-
bial resistance testing reveals a high metronidazole resistance
rate,” Digestive Diseases and Sciences, vol. 62, no. 4,
pp. 1035–1042, 2017.
[4] P. F. de Groot, M. N. Frissen, N. C. de Clercq, and
M. Nieuwdorp, “Fecal microbiota transplantation in metabolic
syndrome: history, present and future,” Gut Microbes, vol. 8,
no. 3, pp. 253–267, 2017.
[5] J. S. Bakken, “Fecal bacteriotherapy for recurrent Clostridium
difficile infection,” Anaerobe, vol. 15, no. 6, pp. 285–289, 2009.
[6] E. van Nood, A. Vrieze, M. Nieuwdorp et al., “Duodenal infu-
sion of donor feces for recurrent Clostridium difficile,” New
England Journal of Medicine, vol. 368, no. 5, pp. 407–415,
2013.
[7] J. R. Allegretti, Z. Kassam, M. Carrellas et al., “Fecal microbiota
transplantation in patients with primary sclerosing cholangi-
tis: a pilot clinical trial,” American Journal of Gastroenterology,
vol. 114, no. 7, pp. 1071–1079, 2019.
[8] M. Dai, Y. Liu, W. Chen et al., “Rescue fecal microbiota trans-
plantation for antibiotic-associated diarrhea in critically ill
patients,” Critical Care, vol. 23, no. 1, p. 324, 2019.
[9] F. Zhang, B. Cui, X. He et al., “Microbiota transplantation:
concept, methodology and strategy for its modernization,”
Protein & Cell, vol. 9, no. 5, pp. 462–473, 2018.
[10] S. P. Costello, P. A. Hughes, O. Waters et al., “Effect of fecal
microbiota transplantation on 8-week remission in patients
with ulcerative colitis: a randomized clinical trial,” JAMA,
vol. 321, no. 2, pp. 156–164, 2019.
[11] C. J. L. Murray and A. D. Lopez, “Evidence-based health policy
– lessons from the global burden of disease study,” Science,
vol. 274, no. 5288, pp. 740–743, 1996.
[12] J. S. Bajaj, A. N. Ananthakrishnan, M. Hafeezullah et al., “Clos-
tridium difficile is associated with poor outcomes in patients
with cirrhosis: a national and tertiary center perspective,”
American Journal of Gastroenterology, vol. 105, no. 1,
pp. 106–113, 2010.
[13] M. Ali, A. N. Ananthakrishnan, S. Ahmad, N. Kumar,
G. Kumar, and K. Saeian, “Clostridium difficile infection in
hospitalized liver transplant patients: a nationwide analysis,”
Liver Transplantation, vol. 18, no. 8, pp. 972–978, 2012.
[14] C. Mittal, S. Hassan, S. Arshad et al., “Clostridium difficile
infection in liver transplant recipients: a retrospective study
of rates, risk factors and outcomes,” American Journal of
Transplantation, vol. 14, no. 8, pp. 1901–1907, 2014.
[15] J. Fernández, M. Navasa, R. Planas et al., “Primary prophylaxis
of spontaneous bacterial peritonitis delays hepatorenal syn-
drome and improves survival in cirrhosis,” Gastroenterology,
vol. 133, no. 3, pp. 818–824, 2007.
[16] E. Kalaitzakis and E. Björnsson, “Inadequate use of proton-
pump inhibitors in patients with liver cirrhosis,” European
Journal of Gastroenterology and Hepatology, vol. 20, no. 6,
pp. 512–518, 2008.
[17] C. M. Surawicz, L. J. Brandt, D. G. Binion et al., “Guidelines for
diagnosis, treatment, and prevention of Clostridium difficile
infections,” American Journal of Gastroenterology, vol. 108,
no. 4, pp. 478–498, 2013.
[18] A. Meighani, B. R. Hart, C. Mittal, N. Miller, A. John, and
M. Ramesh, “Predictors of fecal transplant failure,” European
Journal of Gastroenterology and Hepatology, vol. 28, no. 7,
pp. 826–830, 2016.
[19] F. A. Zar, S. R. Bakkanagari, K. M. L. S. T. Moorthi, and M. B.
Davis, “A comparison of vancomycin and metronidazole for
the treatment ofClostridium difficile-associated diarrhea, strat-
ified by disease severity,” Clinical Infectious Diseases, vol. 45,
no. 3, pp. 302–307, 2007.
[20] J. R. Allegretti, Z. Kassam, M. Carrellas et al., “Fecal microbiota
transplantation improves microbiome diversity and liver
enzyme profile in primary sclerosing cholangitis,” American
Journal of Gastroenterology, vol. 112, article S539, 2017.
[21] D. Kao, B. Roach, H. Park et al., “Fecal microbiota transplan-
tation in the management of hepatic encephalopathy,” Hepa-
tology, vol. 63, no. 1, pp. 339-340, 2016.
[22] B. H. Mullish, J. A. K. McDonald, M. R. Thursz, and J. R.
Marchesi, “Fecal microbiota transplant from a rational stool
donor improves hepatic encephalopathy: a randomized clin-
ical trial,” Hepatology, vol. 66, no. 4, pp. 1354-1355, 2017.
[23] C. R. Kelly, C. Ihunnah, M. Fischer et al., “Fecal microbiota
transplant for treatment of Clostridium difficile infection in
immunocompromised patients,” American Journal of Gastro-
enterology, vol. 109, no. 7, pp. 1065–1071, 2014.
[24] E. L. Moss, S. B. Falconer, E. Tkachenko et al., “Long-term tax-
onomic and functional divergence from donor bacterial strains
following fecal microbiota transplantation in immunocom-
promised patients,” PLoS One, vol. 12, no. 8, article
e0182585, 2017.
[25] J. Jalanka, A. Hillamaa, R. Satokari, E. Mattila, V. J. Anttila,
and P. Arkkila, “The long-term effects of faecal microbiota
5International Journal of Hepatology
transplantation for gastrointestinal symptoms and general
health in patients with recurrent Clostridium difficile infec-
tion,” Alimentary Pharmacology and Therapeutics, vol. 47,
no. 3, pp. 371–379, 2018.
[26] C. R. Kelly, S. Kahn, P. Kashyap et al., “Update on fecal micro-
biota transplantation 2015: indications, methodologies, mech-
anisms, and outlook,” Gastroenterology, vol. 149, no. 1,
pp. 223–237, 2015.
[27] Z. DeFilipp, P. Bloom, M. Torres Soto et al., “Drug-resistant E.
coli bacteremia transmitted by fecal microbiota transplant,”
New England Journal of Medicine, vol. 381, no. 21, pp. 2043–
2050, 2019.
[28] V. K. Ridaura, J. J. Faith, F. E. Rey et al., “Gut microbiota from
twins discordant for obesity modulate metabolism in mice,”
Science, vol. 341, no. 6150, article 1241214, 2013.
[29] A. Vrieze, E. van Nood, F. Holleman et al., “Transfer of intes-
tinal microbiota from lean donors increases insulin sensitivity
in individuals with metabolic syndrome,” Gastroenterology,
vol. 143, no. 4, pp. 913–916.e7, 2012.
[30] R. Anand, Y. Song, S. Garg et al., “Effect of aging on the com-
position of fecal microbiota in donors for FMT and its impact
on clinical outcomes,” Digestive Diseases and Sciences, vol. 62,
no. 4, pp. 1002–1008, 2017.
6 International Journal of Hepatology
